Purpose: Since the early 1990s, laparoscopic cholecystectomy has become the gold standard for cholecystectomy. Single-incision laparoscopic surgery (SILS) is a rapidly evolving field as a bridge between traditional laparoscopic surgery and natural orifice transluminal endoscopic. The results are presented here of a single surgeon's initial experience with single-incision laparoscopic cholecystectomy with conventional laparoscopic instruments through his first 11 cases. Materials and Methods: A single curved intra-umbilical 25-mm incision was made by pulling out the umbilicus. A 12-mm trocar was placed through an open approach, and the abdominal cavity was explored with a 10-mm laparoscope. One 10-mm and one 5-mm port were inserted laterally from the laparoscope port. Dissection was performed using a dissector, which was not articulated. The gallbladder was investigated with an Endograsper, which was not articulated either. The hilum was dissected, and the cystic duct and artery were clipped and divided. Results: The patients are comprised of 9 females and 2 males with a mean age of 43.3 years and mean body mass index (BMI) of 27.6 kg/m 2 . Open cholecystectomy was not required. The mean operative time was 69.9 min. Length of stay was only one day. All procedures were completed successfully without any perioperative or postoperative complications. In all cases, there was no need to extend the skin incision. Postoperative follow-up did not reveal any umbilical wound complications. The cosmetic results were scored as excellent by all patients. Conclusion: These results suggest that single-incision laparoscopic cholecystectomy is feasible, safe and effective and a promising alternative method to four-port and SILS-port laparoscopic cholecystectomy and as scarless abdominal surgery for the treatment of some patients with gallbladder disease with standard laparoscopic instruments. * Corresponding author.
Introduction
The first laparoscopic cholecystectomy was performed by Erich Mühe in the County Hospital of Böblingen, Germany, on September 12th, 1985. Mühe described designing and constructing his own laparoscope, called the Galloscope, and utilizing it before the era of video assistance. In fact, his technique, especially maintaining pneumoperitoneum proved to be so cumbersome that after performing the first six true laparoscopic cholecystectomies he abandoned the optically guided transumbilical approach under pneumoperitoneum for a single 3-cm subcostal incision approach where the gallbladder was removed under direct visualization [1] [2] . In the following 23 years, Mühe have witnessed many competitive approaches to minimize the invasiveness of laparoscopic cholecystectomies with surgeons developing new instruments and techniques to decrease postoperative pain and improve cosmesis [3] [4] . Traditionally, laparoscopic cholecystectomy (LC) has involved four ports. Many laparoscopic techniques have been developed using this 4-port LC, and it has become possible to perform these techniques safely. Since the introduction of laparoscopic cholecystectomy as the gold standard procedure to remove the gallbladder, many surgeons have attempted to reduce the number and size of ports in laparoscopic cholecystectomy to decrease parietal trauma and improve cosmetic results. Although it is hard to improve on laparoscopic cholecystectomy, the arrival of single-incision or single-port access surgery may allow this.
These efforts are some of the fundamentals of the natural orifice transluminal endoscopic surgery (NOTES) approach [5] - [8] which removes transabdominal incisions completely, but NOTES is technically challenging and current instruments need to be further improved. As a bridge between traditional laparoscopic surgery and NOTES, the recent focus has been on the development of single-incision laparoscopic surgery (SILS) to further minimize the invasiveness of laparoscopic surgery by reducing the number of incisions.
Single-incision laparoscopic surgery has been performed for simple gynecological procedures such as tubal ligation for many years. This concept is now being applied to other areas of surgery and has been described for urological, general, and bariatric surgery. Single-port cholecystectomy emerged from the use of "fewer-port" cholecystectomy, where two or three ports were used to perform the traditional four-port cholecystectomy. Singleport access surgery is the natural evolution of this reduced port concept for cholecystectomy. SILS was described as early as 1992 by Pelosi et al. [5] - [9] who performed a single-puncture laparoscopic appendectomy, and in 1997, by Navarra et al. [6] - [10] who performed a laparoscopic cholecystectomy via two transumbilical trocars and three transabdominal gallbladder stay sutures. The first transumbilical cholecystectomies were described in 1999 [4] [11] . Since then other surgeons have advanced this technique, which goes by many names, such as SILS, single-port access (SPA), single laparoscopic incision transabdominal (SLIT) surgery, etc. [4] [12] [13] . To date, however, little has been formally published regarding single-incision cholecystectomy. SILS can be performed using refinements of existing technology, and surgeons can perform SILS without any new instruments, specific competence, or training. SILS may offer the advantages of reducing postoperative pain, and virtually scarless surgery.
Cuesta et al. reported SILS cholecystectomy, in which two 5-mm ports were introduced through the umbilicus, and a Kirschner wire hook was introduced through the right subcostal area to pullin an upright direction in order to visualize Calot's triangle [14] . Several surgeons have described performing SILS cholecystectomy using three 5-mm ports from the umbilicus [15] [16] . Meanwhile, Merchant et al. also performed SILS cholecystectomy by inserting a Gelport (Applied Medical, Rancho Santa Margarita, CA, USA) to stretch the umbilical fascia incision for easy access with instruments into the abdominal cavity [17] . Furthermore, a technique involving several transumbilical-placed ports for single-incision laparoscopic surgery was newly developed, and SILS cholecystectomy by means of the ASC Triport (Advanced Surgical Concepts, Wicklow, Ireland) had been described successively [18] - [20] . On the other hand, an interesting new instrument named SPIDER (TransEnterix, Inc., Research Triangle Park, NC) for use in single-incision surgery has been developed, and its use in SILS cholecystectomy in an animal experiment has been reported [21] .
The technique reported here employs a single 2.5-cm horizontally oriented infraumbilical incision to facilitate the placement of three working ports. No extracorporeal stay sutures were used to achieve cephalad retraction of the gallbladder fundus.
Materials and Methods

Patient Selection
Between August 2010 and April 2013 in Elbistan State Hospital and Suleyman Demirel University, 11 patients underwent single-incision laparoscopic cholecystectomy. The mean age of patients was 43.3 years (range: 29 -57 years) and mean body mass index was 27.6 (range, 22 -33) . In all cases, there was no need to extend the skin incision. The average operative time was 69.9 min. The characteristics of the patients and operative data are included in Table 1 .
All the procedures were performed by the same surgeon. Patients who underwent this procedure either demonstrated symptomatic cholelithiasis, chronic biliary colic, acute cholecystitis, or gallstone pancreatitis. At the time of informed consent, patients were given the option to undergo either single-incision surgery or a traditional four-port procedure. Patients whose American Society of Anesthesiologists (ASA) classification was 3 or 4 were excluded from evaluation in the study. Patient demographic data as well as height, weight, body mass index (BMI), length of operation, length of stay, perioperative complications, and surgical pathology were recorded on the database under an institutional review board approved analysis.
Operative Technique
The patients were positioned on the operating table in a reverse Trendelenburg, right side up position. A single curved, intra-umbilical, 25-mm incision was made by pulling out the umbilicus. After exposing the fascia, a 12-mm trocar was placed through an open approach and into the peritoneum and insufflated up to 15 mmHg with CO 2 . The abdominal cavity was explored with a 10-mm laparoscope, then a 5-mm and a 10-mm port were placed through the same umbilical incision but through separate fascial incisions. Each was placed 1-cm laterally from the laparoscope port (Figure 1) .
Dissection was performed as a normal retrograde cholecystectomy. The gallbladder hilum was then dissected with a Maryland dissector in the right port to expose the cystic duct and cystic artery which were separately clipped with a 5-mm EndoClip™ (Covidien, North Haven, CT, USA) and then divided with scissors. For the optimal exposure of the Triangle of Calot the grasper for traction was inserted in the other port. The gallbladder was dissected from the gallbladder fossa with an electrocautery scissors device. The gallbladder was extracted with a standard endocatch bag (Endocatch Gold, 10 mm; Autosuture) through the umbilical site. Careful control of homeostasis was achieved. Finally the trocar site was closed with an absorbable suture, and the umbilicus was restored to its physiological position.
Patients received food orally at 24 h postoperatively, and were mobilized. All cases were discharged on postoperative day 1. The postoperative follow-up did not reveal any umbilical wound complications.
Results
The patients are comprised of 9 females and 2 males with a mean age of 43.3 years (range: 29 -57 years) and mean BMI of 27.6 kg/m 2 (22 -33). Open cholecystectomy was not required. The mean operative time was 69.9 min (46 -110). Length of stay was only one day. All procedures were completed successfully without any perioperative or postoperative complications. In all cases, there was no need to extend the skin incision. Postoperative follow-up did not reveal any umbilical wound complications. The cosmetic results were scored as excellent by all patients. All patients were followed up for more than 6 months and we don't have detect any complications in postoperative follow-up.
Discussion
Laparoscopic surgery is a well-established alternative to open surgery across disciplines. Although the magnitude of impact varies by procedure, generally the benefits of laparoscopy on postoperative pain, cosmetics, hospital stay, and convalescence are widely recognized. Many surgeons have attempted to reduce the number and size of ports in laparoscopic surgery to decrease parietal trauma and improve cosmetic results, and recently two innovations have been developed: NOTES, which removes transabdominal incisions completely and SILS, which completes laparoscopic procedures by trocars located at one umbilical incision. SILS, however, is not a new concept, and was described as early as 1992 by Pelosi et al. [9] who performed a single-puncture laparoscopic appendectomy. In 1997, Navarra et al. published the first case series of 30 patients who underwent what they described as "one-wound laparoscopic surgery" [10] . In recent years, SILS has been focused upon as a bridge between NOTES and traditional laparoscopic surgery, because NOTES is technically challenging and current instruments need to be further improved. SILS, on the other hand enables the application of a wide range of already existing instruments. The main point for reducing the number of incisions is not only the cosmetic advantage but also lowered incision risks, morbidity of bleeding, incisional hernia, and organ damage. Cuesta's method employs a horizontal transumbilical incision and two 5-mm ports. The gallbladder is retracted by a single extracorporeal Kirschner wire, which is manipulated within the abdomen by a proprietary device designed by the authors. The gallbladder is removed by connecting the skin bridge between the two ports [14] .
With the global expansion of the use of SILS cholecystectomy, large series of cases have been reported in many institutes. Curcillo et al. reported in their multi-institutional 297-case series that the use of an additional port outside the umbilicus occurred in only 34 cases, and they concluded that SILS cholecystectomy was safe and might serve as an alternative to multiport therapy with fewer scars and better cosmesis [22] . Erbella and Bunch surprisingly reported that their mean operative time was 30 min (range, 22 -75 min) in 100 consecutive SILS cholecystectomy cases [23] . Rivas et al. reported that they had observed surgeons in training and found that experienced laparoscopic surgeons might not need to undergo a steep learning curve, and they concluded that SILS cholecystectomywas becoming the standard procedure for most elective patients with gallbladder disease [24] . Other reports also concluded that SILS cholecystectomy was safe [25] [26] .
Out of 252 reported cases in a literature review, 14 (5.6%) were converted to standard laparoscopic cholecystectomy. The reasons to convert were difficult dissection in nine cases, bleeding from the cystic artery in two, choledochoscopy for common bile duct exploration in two, and failure of trocar insertion in one case. There were five complications in 252 reported cases: one subcutaneous hematoma, one hepatic injury, one bile leakage, one mesenteric injury, and one injury of the right hepatic duct. Operative times in some series have been reported to be on a par with conventional laparoscopic surgery, but the majority of the procedures are lengthy, which may only be justified in patients who have a special cosmetic interest [27] .
The real challenge of SILS is to avoid conflict between the operative instruments and the camera, to maintain the pneumoperitoneum and reduce operative stress. As a result of the limited space from using only a single incision, it is difficult for both the surgeon and the assistant to work in the area. Visualization is sometimes not as good. The current commercially available instrumentation is usable but not optimal for this technique. Some authors have suggested percutaneous puncture of the gallbladder for drainage or introduction of suspension hooks for better visualization of Calot's triangle [28] [29] . These manoeuvres, however, may inadvertently increase the chances of bactobilia and lead to perforation of the gallbladder, which leads to an increased risk of bile peritonitis, particularly in the setting of acute cholecystitis.
To avoid these complications some authors have used the fundus of the gallbladder suspended with a loop retractor, which was only tightened with a looped wire for better visualization of Calot's triangle [27] . The use of this retractor enables the surgeon to grasp the gallbladder without injury for visualizing Calot's triangle, without increasing the risk of perforation of the gallbladder.
Some authors have found that working high on the gallbladder is the safest way to dissect the duct and free the artery. In addition, beginning dissection cephalad to the artery and freeing the gallbladder away from the liver allows for greater mobility of the gallbladder and identification of the artery. This is in contrast to the traditional method of working on the cystic duct first, which is often difficult due to the weak tension allowed by the suture retractors and the fact that often the artery is found to be anterior to the duct. Working cephalad to this, similar to a "top-down" approach on the gallbladder, seems to clear up this unusual anatomy. Of course any difficulty should prompt the surgeon to convert to a two-or four-port procedure.
The results of the current study are similar to those previously presented in literature. Over the course of this series, our operative time improved from an average of 93 min for the first third of the cases to an average of 75 min for the second third of the cases and to just 60 min for the final case. Retraction sutures were not used in any of the cases. Though this technique allows for appropriate visualization of the "critical view," a "top down" approach was never attempted and would likely be technically difficult to accomplish safely. Only traditional laparoscopic instruments were used in the cases of the current study (Figure 2) .
LC has reached an important turning point with the development of single-incision laparoscopic surgery. Most reported techniques utilize a special purpose-made access port and articulating instruments, rendering the procedure costly and difficult to learn. This article documents the feasibility of single-incision laparoscopic cholecystectomy and provides a stepwise description of the SILS cholecystectomy technique using all straight instruments without the need for a special port. The clinical advantages of this approach may eventually require a randomized controlled trial to compare it with conventional laparoscopic cholecystectomy. The major advantage of this method is improved cosmetics, without any visible abdominal scars. The disadvantages of SILS include the conflict between the operative instruments, and the camera and the smaller degree of instrument triangulation compared to that of conventional laparoscopic surgery. Despite the limitations of SILS, we were able to perform our operation in seven cases. All procedures were completed successfully within a reasonable time (Figure 3) .
Conclusion
In conclusion, we have documented the feasibility of single-incision laparoscopic cholecystectomy with standard laparoscopic instruments. The operative outcomes were acceptable. LC has reached an important turning point with the development of single-incision laparoscopic surgery. Further efforts and research will bring about improvements in SILS cholecystectomy. The technique and technology for this are still in their infancy but are making rapid progress. This procedure is a promising alternative method to shorten the learning curve, and is a safe and cost-effective SILS cholecystectomy technique, with scarless abdominal surgery, for the treatment of some patients with gallbladder disease with conventional instruments. Further studies need to be conducted comparing morbidity with that of traditional laparoscopy. Cosmetic outcomes are certainly excellent and may drive the overall use of this technology in the future.
